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Devwudfw
Wklv sdshu uhylhzv wkh delolw| ri wkh wudglwlrqdo Djjuhjdwh ghpdqg0Djjuhjdwh
vxsso| iudphzrun wr h{sodlq wkh xqhpsor|phqw  xfwxdwlrqv ri wkh odvw wkuhh ghfdghv1
D vwuxfwxudo YDU prgho iru wkh jurzwk udwhv ri oderu surgxfwlylw|/ lq dwlrq dqg
xqhpsor|phqw lv hvwlpdwhg rq Dphulfdq dqg Iuhqfk gdwd1 E| xvlqj orqj0uxq lghq0
wli|lqj uhvwulfwlrqv/ xqhpsor|phqw  xfwxdwlrqv duh dvvrfldwhg zlwk frqyhqwlrqdo dj0
juhjdwh ghpdqg dqg djjuhjdwh vxsso| vkrfnv dqg zlwk d vxssohphqwdu| uhvlgxdo
lqqrydwlrq1 Rqh nh| qglqj lv wkdw wkh uhvlgxdo vkrfn lv idu pruh vljqlfdqw lq
Iudqfh wkdq lq wkh Xqlwhg Vwdwhv1 Wkh wudglwlrqdo pdfurhfrqrplf v|qwkhvlv suryhv
wkhq wr eh zhoo vxlwhg iru wkh Dphulfdq oderu pdunhw zkloh lw ohdyhv xqh{sodlqhg d
odujh sduw ri wkh Iuhqfk xqhpsor|phqw guliw1 Wklv uhvxow txhvwlrqv wkh frqyhqwlrqdo
sulru wkdw wkh khwhurjhqhlw| lq xqhpsor|phqw h{shulhqfhv olhv lq wkh pdjqlwxgh ri
djjuhjdwh vkrfnv ru lq wkhlu sursdjdwlrq phfkdqlvpv dqg fdoov iru dowhuqdwlyh h{0
sodqdwlrqv1
Nh|zrugv = Xqhpsor|phqw/ Oderu pdunhw uljlglwlhv/ K|vwhuhvlv/ Vwuxfwxudo YDU1
MHO Fodvvlfdwlrq = F65/ H651
L dp judwhixo wr I1Ehf/ S1Fdkxf/ V1Jdufld/ I1Ndudpì/ M1R Kdludxow/ S1\ Kìqlq/ H1Ohkpdqq/
D1Pdqqlqj dqg P1 Ehq Vdohp iru khosixo frpphqwv1 Wkh uhpdlqlqj huuruv duh reylrxvo| plqh1
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L Lqwurgxfwlrq
H{sodlqlqj wkh xszdug wuhqg lq wkh Iuhqfk xqhpsor|phqw udwh zkloh wkh Dphulfdq xqhp0
sor|phqw udwh kdv uhpdlqhg sduwldoo| wuhqgohvv ryhu wkh odvw wkuhh ghfdghv lv dq rqjrlqj
fkdoohqjh iru pdfurhfrqrplf wkhru|1 Lq sduwlfxodu wklv ghyhorsphqw kdv fdvw grxew derxw
wkh delolw| ri wkh wudglwlrqdo Djjuhjdwh Ghpdqg 0 Djjuhjdwh Vxsso| +DG0DV, iudphzrun
wr eh d frpprq ehqfkpdun iru h{sodlqlqj xqhpsor|phqw  xfwxdwlrqv1
Dffruglqj wr wklv pdfurhfrqrplf v|qwkhvlv ri frqyhqwlrqdo Fodvvlfdo dqg Nh|qhvldq
dujxphqwv/ xqhpsor|phqw  xfwxdwlrqv duh pdlqo| gulyhq e| djjuhjdwh ghpdqg dqg dj0
juhjdwh vxsso| vkrfnv lq frpelqdwlrq zlwk vrph lqhuwld lq wkh dgmxvwphqw surfhvv1 Zkloh
ghpdqg shuwxuedwlrqv pd| kdyh uhdo hhfwv lq wkh frqwh{w ri qrplqdo uljlglwlhv vxfk dv
Wd|oru +4<:;, {hg0ohqjwk zdjh frqwudfwv/ vxsso| vkrfnv duh olnho| wr dhfw wkh xqhp0
sor|phqw udwh dv orqj dv uhdo zdjhv gr qrw dgmxvw wr fohdu wkh oderu pdunhw1 Dfwxdoo|
vxfk dq lqwhusuhwdwlrq vhhpv zhoo vxlwhg iru h{sodlqlqj wkh lqlwldo ulvh lq Dphulfdq dqg
Iuhqfk xqhpsor|phqw udwhv gxulqj wkh 4<:3*v dqg wkh hduo| 4<;3*v1 Erwk frxqwulhv vxi0
ihuhg d surwudfwhg shulrg ri ulvlqj xqhpsor|phqw +iurp 5 shufhqw wr ; shufhqw, zkloh wkh|
zhuh vxffhvvlyho| klw e| odujh dgyhuvh vxsso| dqg ghpdqg vkrfnv vxfk dv d wrwdo idfwru
surgxfwlylw| vorzgrzq dqg d vwulqjhqw wljkwhqlqj ri wkh prqhwdu| srolf|1 Krzhyhu vxfk
djjuhjdwh shuwxuedwlrqv duh h{shfwhg wr kdyh rqo| vkruw0uxq hhfwv rq xqhpsor|phqw1
Rqfh qrplqdo zdjhv dqg uhdo zdjhv dgmxvw wr wkh qhz lq dwlrq udwh ru wr wkh orzhu xq0
ghuo|lqj ohyho ri oderu surgxfwlylw|/ wkh hhfwv ri djjuhjdwh vkrfnv vkrxog ydqlvk1 Wklv
lv suhflvho| zkdw rffxuuhg lq wkh Xqlwhg0Vwdwhv zkhuh wkh xqhpsor|phqw udwh vwduwhg
ghfuhdvlqj e| wkh plg04<;81 Vr zk| kdv wkh Iuhqfk xqhpsor|phqw udwh nhsw lqfuhdvlqj
vlqfh wkhqB
Wklv sx}}oh kdv irvwhuhg wzr fodvvhv ri wkhrulhv1 Wkh uvw rqh nhhsv wkh DG0DV iudph0
zrun dv d ehqfkpdun uhihuhqfh1 Exw rqh krogv wkdw wkh hhfwv ri djjuhjdwh vkrfnv duh
orqjhu lq Iudqfh ehfdxvh ri pruh voxjjlvk dgmxvwphqwv lq wkh oderu pdunhw1 Wklv dujx0
phqw uhihuv wr wkh k|vwhuhvlv wkhru| ri Eodqfkdug0Vxpphuv +4<;9, zkr fodlp wkdw djjuh0
jdwh vkrfnv duh pruh shuvlvwhqw lq Hxurshdq frxqwulhv wkdq lq wkh Xqlwhg0Vwdwhv ehfdxvh
ri lqvlghuv0rxwvlghuv hhfwv1 Pruhryhu Iudqfh pd| kdyh ehhq dhfwhg e| vxssohphqwdu|
djjuhjdwh vkrfnv iurp zklfk wkh Xqlwhg Vwdwhv kdyh ehhq suhvhuyhg vxfk dv wkh vkdus
lqfuhdvh lq wkh lqwhuhvw udwhv lq wkh odwh 4<;3*v +Ilwrxvvl dqg Skhosv +4<;;,,1
Dq dowhuqdwlyh fodvv ri h{sodqdwlrqv ohdyhv wkh uhihuhqfh wr djjuhjdwh shuwxuedwlrqv
dqg irfxvhv rq pruh vshflf oderu pdunhw vkrfnv1 Lq sduwlfxodu d uhfhqw pdfurg|qdplf
iudphzrun edvhg rq mre0vhdufk prghov +Slvvdulghv +4<<3,, dqg zdjh vhwwlqj 0 sulfh vhw0
wlqj prghov +ZV0SV, jlyhv plfur0irxqgdwlrqv wr xqhpsor|phqw  xfwxdwlrqv1 Mre0vhdufk
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prghov uhodwh xqhpsor|phqw wr lpshuihfwlrqv lq wkh hpsor|phqw vhwwlqj surfhvv gxh wr
wudqvdfwlrq frvwv dqg srwhqwldo plvpdwfk1 Wklv wkhru| vhhpv zhoo wwhg wr dffrxqw iru wkh
frqwulexwlrq ri xqvnloohg zrunhuv wr wkh shuvlvwhqfh ri d kljk vwuxfwxudo xqhpsor|phqw lq
Hxursh1 ZV0SV prghov udwkhu irfxv rq plfurhfrqrplf lpshuihfwlrqv lq wkh zdjh vhwwlqj
surfhvv1 Zdjhv duh vhw dv d pdun0xs ryhu wkh uhvhuydwlrq zdjh dqg ghshqg rq nh| sdudp0
hwhuv vxfk dv wkh uhsodfhphqw udwh ri xqhpsor|phqw ehqhwv/ wkh plqlpxp zdjh ru wkh
xqlrq edujdlqlqj srzhu1 Lq wkdw frqwh{w fkdqjhv lq wkh lqvwlwxwlrqdo vhwwlqj ri hpsor|0
phqw dqg zdjhv ohdg wr d shupdqhqw guliw lq wkh xqhpsor|phqw udwh1 Lq wkdw shuvshfwlyh/
Qlfnhoo +4<<:, fodlpv wkdw wkh oderu pdunhw fkdudfwhulvwlfv ri Hxurshdq frxqwulhv kdyh
xqghujrqh pdmru uhirupv gxulqj wkh odvw wkuhh ghfdghv zkloh wkh| uhpdlqhg txlwh vwdeoh
lq wkh Xqlwhg Vwdwhv1
Wklv duwlfoh surylghv dq hfrqrphwulf frqwulexwlrq wr wklv ghedwh e| hydoxdwlqj wkh
txdqwlwdwlyh vkduh ri xqhpsor|phqw  xfwxdwlrqv ohiw xqh{sodlqhg e| dgyhuvh djjuhjdwh
vkrfnv1 Wkh sxusrvh lv wr zhljkw wkh frqwulexwlrq ri wkh orqj olvw ri dowhuqdwlyh h{sod0
qdwlrqv udwkhu wkdq jlylqj wkhp suhflvh hfrqrplf lqwhusuhwdwlrq1 Wr wklv hqg/ L iroorz d
vwuxfwxudo YDU +VYDU khqfhiruwk, dssurdfk edvhg rq wkh vhplqdo zrun ri Eodqfkdug0
Txdk +4<;<, zkr xvhg orqj0uxq uhvwulfwlrqv wr lghqwli| uhgxfhg irup lqqrydwlrqv dv vwuxf0
wxudo vkrfnv1 Exw zkloh wkh wzr dxwkruv rqo| irfxvhg rq wkh frqwulexwlrq ri djjuhjdwh
ghpdqg dqg djjuhjdwh vxsso| vkrfnv wr xqhpsor|phqw  xfwxdwlrqv/ L lqwurgxfh d uhvlg0
xdo ruwkrjrqdo h{sodqdwlrq e| hqodujlqj wkh vl}h ri wkh YDU1 L wdnh wkh xqhpsor|phqw
jurzwk udwh dqg wzr nh| yduldeohv zklfk duh wkh prvw olnho| wr fdswxuh wkh pdlq vxsso|
dqg ghpdqg shuwxuedwlrqv ri wkh shulrg/ qdpho| wkh jurzwk udwh ri oderu surgxfwlylw|
dqg wkh jurzwk udwh ri lq dwlrq1 Lq rughu wr lghqwli| wkh wkuhh vwuxfwxudo vkrfnv/ L xvh
wkh iroorzlqj vhw ri orqj0uxq uhvwulfwlrqv1 Djjuhjdwh vxsso| vkrfnv duh frqvlghuhg dv lqqr0
ydwlrqv zklfk pd| dhfw doo wkuhh yduldeohv lq wkh orqj0uxq1 Djjuhjdwh qrplqdo ghpdqg
vkrfnv pd| kdyh shupdqhqw hhfwv rq wkh lq dwlrq udwh dqg rq wkh xqhpsor|phqw udwh
exw gr qrw dhfw wkh ohyho ri oderu surgxfwlylw| lq wkh orqj0uxq1 Wkh uhvlgxdo ruwkrjrqdo
vkrfn fdswxuhv lqqrydwlrqv zklfk pd| rqo| kdyh orqj0odvwlqj hhfwv rq xqhpsor|phqw1
Ixuwkhupruh/ e| doorzlqj erwk whfkqrorjlfdo dqg qrplqdo ghpdqg vkrfnv wr kdyh shupd0
qhqw hhfwv rq wkh xqhpsor|phqw udwh/ L fdq whvw wkh hpslulfdo uhohydqfh ri wkh k|vwhuhvlv
k|srwkhvlv1
Vhyhudo vwxglhv kdyh douhdg| h{whqghg wkh qxpehu ri srwhqwldo xqhpsor|phqw shuwxu0
edwlrqv e| hqodujlqj wkh ruljlqdo vl}h ri wkh Eodqfkdug0Txdk +4<;<, v|vwhp1 Exw wkh|
jhqhudoo| nhhs wkh Djjuhjdwh Ghpdqg 0 Djjuhjdwh Vxsso| iudphzrun dv wkhlu wkhruhwlfdo
ehqfkpdun1 Iru lqvwdqfh Eodqfkdug +4<;<, dqg Gdolgr dqg Mlphqr +4<<:, ghfrpsrvhg
ghpdqg vkrfnv lqwr sulfh sxvk dqg zdjh sxvk zkloh Jdpehu dqg Mrxw} +4<<6, glvhqwdqjoh
6
djjuhjdwh vxsso| shuwxuedwlrqv lqwr oderu0ghpdqg vkrfnv dqg oderu0vxsso| vkrfnv1 Ixu0
wkhupruh wkh| fkrrvh d vhw ri yduldeohv dqg uhvwulfwlrqv jhqhudoo| jurxqghg rq wudglwlrqdo
wkhrulhv ri wkh zdjh vhwwlqj surfhvv vxfk dv Ilvkhu0Wd|oru zdjh frqwudfwv ru lqvlghuv0
rxwvlghuv zdjh edujdlqlqj ª od Eodqfkdug0Vxpphuv +4<;9,1
Wkh prghoolqj vwudwhj| ri wklv duwlfoh jhqhudol}hv wkh suhylrxv zrunv lq vhyhudo zd|v1
Iluvw wkh uhvlgxdo ruwkrjrqdo vkrfn qrw rqo| fdswxuhv vshflf oderu ghpdqg0oderu vxsso|
vkrfnv exw dovr lqvwlwxwlrqdo shuwxuedwlrqv zklfk kdyh qhyhu ehhq dqdo|}hg lq wkh frqwh{w
ri d VYDU prgho1 Vhfrqg wkh lghqwli|lqj vwudwhj| lv frqvlvwhqw zlwk d eurdghu fodvv ri
zdjh0vhwwlqj surfhvv1 Lw pd| hqfrpsdvv wudglwlrqdo zdjh frqwudfwv dv zhoo dv pruh uhfhqw
zdjh fxuyhv lq wkh olqhv ri Eodqfk rzhu0Rvzdog +4<<6, ru Od|dug/ Qlfnhoo dqg Mdfnpdq
+4<<4,1 Wr wkdw uhjdug/ wkh prghoolqj vwudwhj| ri wklv duwlfoh lv pxfk pruh sudjpdwlf1 Wkh
sursdjdwlrq phfkdqlvpv duh ohw iuhh wr ghflgh zklfk wkhru| ri oderu pdunhw  xfwxdwlrqv
lv ehvw vxlwhg iru hdfk frxqwu| udwkhu wkdq lpsrvlqj wkhp d frpprq ehqfkpdun1
Dsso|lqj wkh suhylrxv VYDU dssurdfk wr Dphulfdq dqg Iuhqfk gdwd iru wkh shulrg
4<:304<<;/ L qg wkdw wkh uhvlgxdo vkrfn grhv qrw h{sodlq pxfk ri wkh Dphulfdq xqhp0
sor|phqw  xfwxdwlrqv zkloh lw dffrxqwv iru wkh pdlq sduw ri wkh Iuhqfk rqhv1 Wklv uhvxow
txhvwlrqv wkh wudglwlrqdo sulru wkdw wkh glyhujhqfh lq xqhpsor|phqw h{shulhqfhv olhv lq wkh
pdjqlwxgh ri djjuhjdwh vkrfnv ru lq wkhlu sursdjdwlrq phfkdqlvpv1 Wkh khwhurjhqhlw| lv
udwkhu olqnhg wr glhuhqfhv lq oderu pdunhw fkdudfwhulvwlfv vlqfh wkh wzr xqhpsor|phqw
udwhv gr qrw uhdfw wr wkh vdph nlqg ri shuwxuedwlrqv1 Lq sduwlfxodu djjuhjdwh qrplqdo
vkrfnv kdyh olwwoh hhfwv rq wkh Iuhqfk xqhpsor|phqw udwh/ vxjjhvwlqj wkdw wkh zdjh vhw0
wlqj surfhvv lv forvhu wr d zdjh fxuyh lq wklv frxqwu|1 Lq wkdw frqwh{w whfkqrorjlfdo vkrfnv
ru qrplqdo ghpdqg shuwxuedwlrqv sod| d plqru uroh lq xqhpsor|phqw  xfwxdwlrqv1 E|
frqwudvw/ wkh odujh frqwulexwlrq ri qrplqdo vkrfnv wr wkh Dphulfdq xqhpsor|phqw yduld0
wlrqv lv frqvlvwhqw zlwk qxphurxv hfrqrphwulfv vwxglhv vwuhvvlqj wkh h{lvwhqfh ri d Skloolsv
fxuyh lq wklv frxqwu|1 Pruh jhqhudoo| wkhvh qglqjv txhvwlrq wkh delolw| ri wkh DG0DV
iudphzrun wr dffrxqw iru Iuhqfk xqhpsor|phqw  xfwxdwlrqv1 L wkhq vxjjhvw dowhuqdwlyh
h{sodqdwlrqv ri wkh Iuhqfk xqhpsor|phqw guliw e| dqdo|}lqj wkh frqwulexwlrq ri wkh uhvlg0
xdo vkrfn wr xqhpsor|phqw klvwru|1 L qg wkdw wkh hyroxwlrqv ri plvpdwfk lpshuihfwlrqv
dqg xqhpsor|phqw ehqhwv glvsod| wkh prvw vljqlfdqw fruuhodwlrqv zlwk wklv uhvlgxdo
frpsrqhqw ri Iuhqfk xqhpsor|phqw klvwru|1
Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5/ L surylgh d eulhi ryhuylhz
ri wkh pdlq vdolhqw ihdwxuhv ri Dphulfdq dqg Iuhqfk oderu pdunhwv lq rughu wr prwlydwh
wkh prghoolqj vwudwhj|1 Vhfwlrq 6 lv ghyrwhg wr wkh suhvhqwdwlrq ri wkh vwuxfwxudo YDU
dssurdfk dqg wr wkh lghqwli|lqj uhvwulfwlrqv ri vkrfnv1 Lq vhfwlrq 7/ L hvwlpdwh wkh VYDU
prgho dqg L txdqwli| wkh hhfwv ri hdfk vkrfn wkurxjk lpsxovh0uhvsrqvh dqdo|vlv dqg
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iruhfdvw huuru0yduldqfh ghfrpsrvlwlrq1 Vhfwlrq 8 vxjjhvwv hfrqrplf lqwhusuhwdwlrqv ri
wkh uhvlgxdo vkrfn edvhg rq dq klvwrulfdo ghfrpsrvlwlrq ri xqhpsor|phqw  xfwxdwlrqv1
Ilqdoo|/ vhfwlrq 9 frqfoxghv1
LL Edvlf idfwv
Wklv vhfwlrq surylghv d eulhi ryhuylhz ri wkh pdlq djjuhjdwh ghpdqg dqg djjuhjdwh vxsso|
vkrfnv zklfk kdyh dhfwhg wkh Dphulfdq hfrqrp| dqg wkh Iuhqfk hfrqrp| ryhu wkh odvw
wkuhh ghfdghv1 Sduwlfxodu dwwhqwlrq lv jlyhq wr wkh hyroxwlrq ri oderu surgxfwlylw| dqg
lq dwlrq vlqfh wkhvh wzr yduldeohv hqwhu wkh VYDUprgho1 Lw zloo wkhq eh srvvleoh wr glvfxvv
zhwkhu wkh pdjqlwxgh ri vxfk djjuhjdwh vkrfnv glhu dfurvv frxqwulhv ru li vxssohphqwdu|
h{sodqdwlrqv duh uhtxluhg1
LL14 Wkh hyroxwlrq ri xqhpsor|phqw
Wkh vkdus glhuhqfh ehwzhhq wkh hyroxwlrq ri wkh Dphulfdq dqg wkh Iuhqfk xqhpsor|0
phqw udwhv gdwhv edfn wr wkh plg04<;3*v +vhh Iljxuh 4,1 Gxulqj wkh 4<:3*v/ erwk frxqwulhv
vxhuhg d vwhdg| lqfuhdvh lq xqhpsor|phqw udwh zklfk uhdfkhg ; shufhqw e| 4<;71 Exw
zkloh wkh Iuhqfk xqhpsor|phqw udwh kdv nhsw jurzlqj vlqfh wkhq/ lwv Dphulfdq frxq0
whusduw frqwlqxrxvo| ghfuhdvhg uhwxuqlqj wr lwv 4<:3*v lqlwldo ohyho1 Lq wkh uvw txduwhu
ri 4<<;/ wkh xqhpsor|phqw udwh vwdqgv dw 4515 shufhqw lq Iudqfh yhuvxv 717 shufhqw lq
wkh Xqlwhg Vwdwhv1 Lv wklv glyhujhqfh gxh wr k|vwhuhvlv hhfwv ru wr wkh rffxuuhqfh ri
vxssohphqwdu| vkrfnv gxulqj wkh 4<<3*v lq IudqfhB
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Iljxuh 4 = Xqhpsor|phqw Udwhv
Ehiruh wdfnolqj wklv lvvxh/ rqh pd| fkhfn wkdw wklv khwhurjhqhlw| grhv qrw vlpso| klgh
glyhujhqw h{rjhqrxv wuhqgv lq wkh hyroxwlrq ri hpsor|phqw udwhv ru sduwlflsdwlrq udwhv
dfurvv frxqwulhv1 Dfwxdoo| Iljxuh 5 vkrzv vrph hylghqfh ri vxfk d glyhujhqfh1 Exw lw lv
wkh Dphulfdq sduwlflsdwlrq udwh zklfk glvsod|v dq xszdug wuhqg zkloh wkh fxuuhqw Iuhqfk
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sduwlflsdqw udwh lv qhduo| lghqwlfdo wr lwv 4<:3 ydoxh +durxqg 9; shufhqw,1 Wkxv wkh ulvh
lq wkh Iuhqfk xqhpsor|phqw udwh fdqqrw eh h{sodlqhg e| h{rjhqrxv oderu vxsso| vkliwv1
Ixuwkhu h{sodqdwlrqv kdyh wr eh surylghg1
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Iljxuh 5 = Sduwlflsdwlrq Udwhv
LL15 Hpslulfdo hylghqfh ri djjuhjdwh ghpdqg dqg djjuhjdwh vxs0
so| vkrfnv
Vxsso| vkrfnv =
Wkhuh duh pdq| sodxvleoh fdqglgdwhv iru dgyhuvh djjuhjdwh vxsso| vkrfnv ryhu wkh odvw
wkuhh ghfdghv1 Dv xqhpsor|phqw vwduwhg ulvlqj lq wkh 4<:3*v/ wkh irfxv zdv sulpdu| rq
wkh frqvhtxhqfhv ri odujh rlo sulfh lqfuhdvhv rq wkh xqhpsor|phqw udwh +Euxqr dqg Vdfkv
+4<;8,,1 Dv xqhpsor|phqw nhsw ulvlqj/ dwwhqwlrq wxuqhg wr dqrwkhu h{sodqdwlrq edvhg rq
wkh vorzgrzq lq wkh Wrwdo Idfwru Surgxfwlylw| +WIS, jurzwk udwh1 Zkloh wklv udwh zdv
forvh wr 7 shufhqw lq wkh odwh 4<93*v/ lw soxqjhg grzq wr 5 shufhqw lq wkh vhfrqg kdoi ri wkh
4<:3*v lq wkh wzr frxqwulhv1 Odvw exw qrw ohdvw/ rqh pd| dgg wkh odujh lqfuhdvh lq wkh uhdo
lqwhuhvw udwhv gxulqj wkh 4<;3*v dqg wkh 4<<3*v1 Wklv hyroxwlrq lv pxfk pruh vwulnlqj lq
Iudqfh dv wklv frxqwu| ghflghg wr pdwfk wkh vwhdg| ulvh lq Jhupdq lqwhuhvw udwhv iroorzlqj
wkh uhxqlfdwlrq1 Wkh Iuhqfk uhdo lqwhuhvw udwhv urvh iurp 3/5( lq wkh hduo| 4<;3*v wr 8(
lq wkh odwh 4<<3*v1
Duh vxfk fkdqjhv olnho| wr dhfw wkh htxloleulxp xqhpsor|phqw udwhB Frqfhuqlqj
wkh ulvh lq uhdo lqwhuhvw udwhv/ lw lv olnho| wr eh uhvsrqvleoh iru wkh gdpshqlqj ri fdslwdo
dffxpxodwlrq gxulqj wkh odvw wzr ghfdghv1 Wklv hyroxwlrq pd| kdyh frqwulexwhg/ iru d
jlyhq udwlr ri hpsor|phqw wr fdslwdo/ wr orzhu oderu ghpdqg1 Dv uhjdugv wkh WIS jurzwk
vorzgrzq/ lw lv olnho| wr dhfw wkh xqhpsor|phqw udwh dv orqj dv uhdo zdjhv gr qrw dgmxvw
wr wkh qhz orzhu xqghuo|lqj udwh1 Lq wklv fdvh/ upv rvhw wkh h{fhvv lq zdjh jurzwk
e| orzhulqj wkhlu oderu ghpdqg1 Exw wklv hhfw vkrxog ydqlvk rqfh h{shfwdwlrqv kdyh
dgmxvwhg1
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Iljxuh 6 vkrzv wkh hyroxwlrq ri wkh jurzwk udwh ri oderu surgxfwlylw| +KS owhuhg
wuhqg frpsrqhqw zlwk b ’ Sff, lq erwk frxqwulhv iurp 4<:3=4 wr 4<<;=71 Vrph glyhujhqfh
dsshduv lq wkh hduo| 4<;3*v1 Lq hdfk frxqwu|/ wkh vhyhqwlhv zhuh fkdudfwhul}hg e| d odujh
ghfolqh lq wkh jurzwk udwh ri oderu surgxfwlylw|1 Exw zkloh wkh Iuhqfk jurzwk udwh kdv
nhsw ghfuhdvlqj iurp < shufhqw wr 7 shufhqw wkurxjkrxw wkh zkroh shulrg/ wkh Dphulfdq
rqh vwduwhg wr uhfryhu e| 4<;3 dqg lv edfn wr lwv lqlwldo ydoxh ri qhduo| 7 shufhqw lq 4<<;1
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Iljxuh 6 = Oderxu Surgxfwlylw| jurzwk udwhv +KS owuhg,1
Lv wklv glyhujhqfh uhvsrqvleoh iru wkh shuvlvwhqfh lq Iuhqfk xqhpsor|phqw udwhB Wr
dqvzhu wklv txhvwlrq/ wkh hyroxwlrq ri oderu surgxfwlylw| vkrxog eh frpsduhg zlwk wkh
jurzwk udwh ri uhdo zdjhv1 Iljxuh 7 ghslfwv wkh sdwk ri wkh oderu vkduh lq Iudqfh1 Wklv
yduldeoh frqvlvwv ri wkh udwlr ri dyhudjh frpshqvdwlrq shu zrunhu wr dyhudjh ydoxh0dgghg
shu zrunhu1 Diwhu folpelqj iurp 9; shufhqw wr :5 shufhqw gxulqj wkh vhyhqwlhv/ lw kdv
vwhdglo| idoohq lq Iudqfh uhdfklqj 93 shufhqw lq wkh odwh qlqhwlhv1 Wklv hyroxwlrq kljkoljkwv
wkh vwulqjhqw zdjh prghudwlrq srolf| lpsohphqwhg vlqfh wkh plg04<;3*v lq Iudqfh1 Wkxv
wkh vorzgrzq lq wkh jurzwk udwh ri oderu surgxfwlylw| lv xqolnho| wr eh uhvsrqvleoh iru wkh
vwhdg| lqfuhdvh lq wkh Iuhqfk xqhpsor|phqw udwh gxulqj wkh sdvw wzr ghfdghv1
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Iljxuh 7 = Oderu vkduh lq Iudqfh
:
Ghpdqg vkrfnv =
Wkhuh lv olwwoh grxew wkdw Iudqfh dqg wkh Xqlwhg Vwdwhv kdyh ehhq dhfwhg e| odujh
dgyhuvh ghpdqg vkrfnv/ hvshfldoo| vlqfh wkh hduo| 4<;3*v1 Wzr pdlq vrxufhv ri shuwxued0
wlrqv vhhp wr kdyh sod|hg d nh| uroh lq xqhpsor|phqw  xfwxdwlrqv1 Wkh uvw rqh lv pruh
vshflf wr Iudqfh dqg frqvlvwv ri d pdmru vfdo frqwudfwlrq hqjdjhg e| wklv frxqwu| lq
ylhz ri Hxurshdq prqhwdu| xqlfdwlrq1 Wkh vhfrqg rqh lv olqnhg wr wkh vkdus prqhwdu|
frqwudfwlrq lpsohphqwhg lq erwk frxqwulhv gxulqj wkh hljkwlhv1 Iljxuh 8 surylghv hylghqfh
ri vxfk d frqwudfwlrq e| vkrzlqj wkh hyroxwlrq ri lq dwlrq udwhv +xvlqj wkh Frqvxphu Sulfh
Lqgh{, lq Iudqfh dqg wkh Xqlwhg Vwdwhv iurp 4<:3=4 wr 4<<;=71 Wkh Xqlwhg Vwdwhv kdg d
ohdglqj uroh e| wljkwhqlqj wkh prqhwdu| srolf| lq wkh odwh 4<:3*v1 Exw lq wkh diwhupdwk
ri Pdxur|*v jryhuqphqw +4<;404<;7, sulrulw| zdv jlyhq wr wkh uhgxfwlrq ri lq dwlrq lq
Iudqfh wrr1 Wklv frxqwu| kdv wr d odujh h{whqw pdwfkhg wkh wljkw Dphulfdq prqhwdu|
srolf| vlqfh wkhq1 Wkxv dv orqj dv lq dwlrq lv frqfhuqhg/ Iudqfh dqg wkh Xqlwhg Vwdwhv
vhhp wr kdyh h{shulhqfhg wkh vdph qrplqdo ghpdqg vkrfnv1
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Iljxuh 8 = Lq dwlrq Udwhv
\hw wkh xqhpsor|phqw uhvsrqvhv wr wklv djjuhjdwh ghpdqg shuwxuedwlrq glhu pdunhgo|
dfurvv frxqwulhv1 Iljxuhv 9 dqg : vkrz wkdw ghvlq dwlrq lv dvvrfldwhg zlwk d surjuhvvlyh
ghfolqh lq wkh Dphulfdq xqhpsor|phqw udwh zkloh lw frlqflghv zlwk dq xszdug wuhqg lq
wkh Iuhqfk xqhpsor|phqw udwh1
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Iljxuh 9 = Xqhpsor|phqw Udwh Yhuvxv Lq dwlrq Udwh lq XV
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Iljxuh : = Xqhpsor|phqw Udwh Yhuvxv Lq dwlrq Udwh lq Iudqfh
Wklv hyroxwlrq lv udwkhu sx}}olqj vlqfh djjuhjdwh ghpdqg vkrfnv duh qrw h{shfwhg wr
dhfw wkh htxloleulxp xqhpsor|phqw udwh1 Lq sduwlfxodu/ qrplqdo uljlglwlhv vxfk dv Wd|0
oru +4<:;, {hg0ohqjwk frqwudfwv duh xqolnho| wr eh odujh hqrxjk wr dffrxqw iru vxfk d
shuvlvwhqfh lq wkh Iuhqfk xqhpsor|phqw udwh1 Rqh h{sodqdwlrq iru wklv sdudgr{ lv sur0
ylghg e| Eodqfkdug dqg Zroihuv +4<<<, zkr vwuhvv wkh idfw wkdw wkh orrvh prqhwdu| srolf|
ri wkh 4<:3*v srvwsrqhg wkh dgyhuvh hhfwv ri wkh WIS vorzgrzq1 Wkhq wkh wljkwhqlqj
ri wkh pdfurhfrqrplf srolf| lpsohphqwhg lq wkh 4<;3*v frqwulexwhg wr kljkhu xqhpsor|0
phqw wkurxjkrxw wklv ghfdgh1 Dqrwkhu srwhqwldo h{sodqdwlrq olhv lq wkh srwhqwldo suhvhqfh
ri k|vwhuhvlv hhfwv1 Dffruglqj wr Eodqfkdug dqg Vxpphuv +4<<9,/ whpsrudu| ghpdqg
vkrfnv fdq kdyh shupdqhqw hhfwv rq wkh xqhpsor|phqw udwh lq frqwh{wv zkhuh zdjhv duh
edujdlqhg zlwk wkh remhfwlyh wr vdyh lqvlghuv*v mre1 Wkhq e| orzhulqj wkh qxpehu ri lqvlg0
huv/ dgyhuvh vkrfnv wkdw ohdg wr lqfuhdvhg xqhpsor|phqw duh olnho| wr ulvh wkh htxloleulxp
zdjh udwh dqg wkhuhe| wr kdyh pruh shuvlvwhqw hhfwv1
Wklv eulhi ryhuylhz vkrzv wkh gl!fxow| wr wudfh edfn wkh khwhurjhqhlw| lq xqhp0
sor|phqw hyroxwlrq gxh wr glhuhqfhv lq wkh pdjqlwxgh ri djjuhjdwh vkrfnv1 Srwhqwldo
glyhujhqfhv pd| wkhq olh lq wkh sursdjdwlrq phfkdqlvpv ri djjuhjdwh shuwxuedwlrqv ru
lq wkh rffxuuhqfh ri rwkhu w|shv ri vkrfnv1 Lq rughu wr wdfnoh wklv lvvxh/ d VYDU prgho
dsshduv dv wkh ehvw vxlwhg dssurdfk1
LLL Lghqwlfdwlrq ri vkrfnv
LLL14 Wkh Vwuxfwxudo YDU dssurdfk
Lq rughu wr lghqwli| wkh wzr djjuhjdwh ghpdqg 0 djjuhjdwh vxsso| vkrfnv dqg wkh uhvlg0
xdo ruwkrjrqdo shuwxuedwlrq/ L xvh wkh zhoo0nqrzq Eodqfkdug dqg Txdk +4<;<, orqj0uxq
uhvwulfwlrqv1 L uvw hvwlpdwh wkh iroorzlqj YDU prgho +frqvwdqwv dqg gxpplhv kdyh ehhq
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rplwwhg iru vlpsolflw|, =
 Eu{f| ’ 0|
zkhuhf| lv d +6 { 4, yhfwru lqfoxglqj wkh orjdulwkp ri oderu surgxfwlylw| +?/ wkh orjdulwkp
ri wkh lq dwlrq udwh Z / dqg wkh xqhpsor|phqw udwh 1  Eu lv d n0wk rughu pdwul{ ri
sro|qrpldov lq wkh odj rshudwru O zlwk doo lwv urrwv rxwvlgh wkh xqlw flufoh/ dqg 0| lv d
yhfwru ri }hur phdqv lghqwlfdoo| glvwulexwhg lqqrydwlrqv vxfk wkdw . E0|0

| ’ P1
Wkh Zrog prylqj dyhudjh uhsuhvhqwdwlrq ri wkh YDU prgho lv jlyhq e| =
{f| ’ ( Eu 0|
zkhuh( Eu ’  Eu3 dqg( Ef ’ U&1 Vlqfh wkh lqqrydwlrqv hqwhulqj wkh yhfwru 0| fdq eh
frqwhpsrudqhrxvo| fruuhodwhg/ wklv yhfwru fdqqrw eh frqvlghuhg dv d yhfwru ri vwuxfwxudo
vkrfnv1 \hw lw fdq eh h{suhvvhg dv d olqhdu frpelqdwlrq ri d yhfwru ri vwuxfwxudo vkrfnv
#| vxfk dv . E#|#
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E| lghqwli|lqj wkh +6{6, V pdwul{/ lw lv wkhq srvvleoh wr hvwlpdwh wkh dowhuqdwlyh vwuxf0
wxudo prylqj dyhudjh uhsuhvhqwdwlrq =
{f| ’  Eu #|
zkhuh  Eu ’ ( Eu7 dqg  Ef ’ 71 Wr fkrrvh vxfk d xqltxh V/ wzr nlqgv ri uhodwlrqv
duh xvhg1 Iurp . E#|#
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 ’ P dqg wklv htxdwlrq douhdg| jlyhv 9
uhvwulfwlrqv1 Wkh 6 uhpdlqlqj uhodwlrqv ghulyh iurp wkh orqj0uxq uhodwlrq E ’ ( E7
dqg e| h{sorlwlqj wkh devhqfh ri shupdqhqw hhfw ri vkrfnv rq vrph yduldeohv1 Wkxv wkuhh
orqj0uxq lghqwli|lqj uhvwulfwlrqv duh wr eh surylghg1
LLL15 Wkh lghqwli|lqj uhvwulfwlrqv
Wkh lghqwlfdwlrq ri djjuhjdwh vxsso| dqg djjuhjdwh ghpdqg vkrfnv duh udwkhu vwdqgdug1
Wkh vxsso| vkrfn #7| lv wkh rqo| lqqrydwlrq zklfk pd| kdyh orqj0odvwlqj hhfwv rq wkh ohyho
ri doo wkuhh yduldeohv lqfoxglqj oderu surgxfwlylw|1 Lw w|slfdoo| frqvlvwv ri d whfkqrorjlfdo
vkrfn1 Wkh ghpdqg vkrfn #(| pd| kdyh shupdqhqw hhfwv rq wkh ohyho ri lq dwlrq dqg
xqhpsor|phqw exw grhv qrw dhfw wkh ohyho ri oderu surgxfwlylw| lq wkh orqj0uxq/ zklfk
douhdg| surylghv rqh uhvwulfwlrq1 Wkh wzr uhpdlqlqj uhvwulfwlrqv ghulyh iurp wkh uhvlgxdo
ruwkrjrqdo vkrfn #-| zklfk kdv rqo| orqj0odvwlqj hhfwv rq wkh xqhpsor|phqw udwh1 Wklv
vhw ri lghqwli|lqj uhvwulfwlrqv suryhv wr eh frqvlvwhqw zlwk d eurdg fodvv ri pdfurhfrqrplf
prghov1
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Wkh vxsso| vlgh ri wkh hfrqrp| hqfrpsdvvhv ydulrxv jurzwk prghov dgrswlqj d frqvwdqw0
uhwxuqv0wr0vfdoh whfkqrorj|1 Lq vxfk d fdvh/ wkh uhvlgxdo vkrfn pd| kdyh shupdqhqw hhfwv
rq wkh xqhpsor|phqw udwh dqg wkhuhe| rq hpsor|phqw1 Exw lw grhv qrw dhfw oderu sur0
gxfwlylw| vlqfh wkh rxwsxw lv h{shfwhg wr dgmxvw wr wkh qhz ohyho ri hpsor|phqw lq wkh
orqj uxq1 Ehvlghv/ ghpdqg vkrfnv pd| kdyh shupdqhqw hhfwv rq wkh ohyho ri hpsor|0
phqw dqg wkxv rq rxwsxw dv lq hqgrjhqrxv jurzwk prghov zlwk yduldeoh vdylqj udwhv1 Exw
wkh| gr qrw dhfw wkh rxwsxw0oderu udwlr zklfk uhpdlqv frqvwdqw lq wkh vwhdg| vwdwh1 Wr
wkdw uhjdug/ wkh fkrlfh ri oderu surgxfwlylw| dv wkh yduldeoh ri lqwhuhvw hqwhulqj wkh YDU
prgho lqvwhdg ri rxwsxw doorzv ph wr hqodujh wkh Vrorz jurzwk prgho jhqhudoo| xvhg lq
wkdw frqwh{w +vhh Eodqfkdug0Txdk +4<;<, ru Jdpehu0Mrxw} +4<<6,,1
Wkh ghpdqg vlgh ri wkh hfrqrp| pd| eh uhsuhvhqwhg e| wkh txdqwlw| ri uhdo prqh| lq
flufxodwlrq dqg w|slfdoo| ghulyhv iurp dq LV0OP htxloleulxp zkhuh jryhuqphqw vshqglqj
duh ljqruhg1 Lq wklv iudphzrun/ wkh lq dwlrq udwh fdq eh dhfwhg lq wkh orqj uxq hlwkhu
e| vxsso| vkrfnv +vxfk dv d whfkqrorjlfdo ru dq rlo sulfh shuwxuedwlrq, ru e| lqqrydwlrqv
wr wkh txdqwlw| ri prqh| vxsso|1 E| frqwudvw/ xqhpsor|phqw lqqrydwlrqv fdqqrw dhfw
wkh lq dwlrq udwh lq wkh orqj uxq1 Wklv uhvwulfwlrq iroorzv iurp wkh wudglwlrqdo dvvxpswlrq
wkdw dq dffrprgdwlqj prqhwdu| srolf| lv qrw vxvwdlqdeoh lq wkh orqj0uxq1
Dv uhjdugv wkh uhvlgxdo ruwkrjrqdo vkrfn zklfk fdswxuhv wkh  xfwxdwlrqv ohiw xqh{0
sodlqhg e| wkh wzr djjuhjdwh vkrfnv/ lw lv frqvlvwhqw zlwk d odujh ydulhw| ri dowhuqdwlyh
h{sodqdwlrqv iru xqhpsor|phqw  xfwxdwlrqv1 Lw fdswxuhv vshflf oderu vxsso| vkrfn ru
uhdoorfdwlrq lqqrydwlrqv douhdg| dqdo|}hg lq wkh YDU frqwh{w e| Gdolgr0Mlphqr +4<<:,
dqg Mdftxhv0Odqjrw +4<<6, uhvshfwlyho|1 Exw lw dovr dffrxqwv iru fkdqjhv lq lqvwlwxwlrqdo
sdudphwhuv hqwhulqj wkh hpsor|phqw dqg wkh zdjh vhwwlqj surfhvv zklfk kdyh shupd0
qhqw hhfwv rq xqhpsor|phqw dffruglqj wr wkh qhz olwhudwxuh1 Vxusulvlqjo|/ wkdw nlqg ri
shuwxuedwlrqv kdv qhyhu ehhq txdqwlhg xvlqj d vwuxfwxudo YDU dssurdfk1
Wkh lghqwli|lqj uhvwulfwlrqv qdoo| ohdg wr wkh iroorzlqj orqj uxq YPD pdwul{ =
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Qrwh wkdw doo wkuhh vwuxfwxudo vkrfnv duh olnho| wr kdyh shupdqhqw hhfwv rq wkh xq0
hpsor|phqw udwh1 Wklv dvvxpswlrq doorzv ph wr whvw wkh hpslulfdo uhohydqfh ri k|vwhuhvlv
hhfwv djdlqvw uhvlgxdo ruwkrjrqdo h{sodqdwlrqv1
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LY Hpslulfdo uhvxowv
LY14 Gdwd dqg YDU hvwlpdwlrqv
Doo wkh gdwd duh wdnhq iurp wkh RHFG edvh1 Wkh| duh txduwhuo| vhdvrqdoo| dgmxvwhg
dqg fryhu wkh shulrg 4<:3=404<<;=71 Iru erwk frxqwulhv wkh yduldeohv xvhg duh wkh ohyho
ri JGS lq 4<<3 sulfhv +\,/ wkh wrwdo hpsor|phqw +Q,/ wkh frqvxphu sulfh lqgh{ +S,
dqg wkh xqhpsor|phqw udwh +x,1 Wkh orjdulwkp ri oderu surgxfwlylw| lv frqvwuxfwhg dv
oq+\2Q,@|q| dqg wkh lq dwlrq udwh Z| fruuhvsrqgv wr oq+S|0oq+S|3
Wkh hpslulfdo prgho ghvfulehg ehorz dvvxphv wkdw doo yduldeohv hqwhulqj wkh YDU
prgho duh vwdwlrqdu|1 Wkxv wkh hvwlpdwlrq vwudwhj| ri wkh sdshu fulwlfdoo| ghshqgv rq wkh
fruuhfw glhuhqflqj ri hdfk wlph vhulhv1 Wr wklv hqg/ L uxq wkh wudglwlrqdo edwwhu| ri DGI
dqg NSVV whvwv zklfk duh uhsruwhg lq wdeoh 4 dqg wdeoh 51 Qrwh wkdw lq wkh fdvh ri DGI
whvw/ wkh qxoo k|srwkhvlv ghvfulehv d qrq0vwdwlrqdu| surfhvv zkloh lw fruuhvsrqgv wr wkh
dvvxpswlrq ri vwdwlrqdulw| xqghu wkh NSVV whvw1
Wdeoh 4 = Xqlw Urrw Whvwv iru X1V
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Wdeoh 5 = Xqlw Urrw Whvwv iru Iudqfh
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Wkhvh suholplqdu| DGI dqg NSVV whvwv surylgh frqyhujhqw frqfoxvlrq dqg lpso| wkdw
oderu surgxfwlylw|/ lq dwlrq dqg xqhpsor|phqw duh doo lqwhjudwhg ri ghjuhh 41 Lw lv krzhyhu
zhoo nqrzq wkdw olqhdu xqlw urrwv whvwv qhyhu surylgh vkdus glvfulplqdwlrq ehwzhhq wkh
k|srwkhvlv ri vwdwlrqdulw| dqg qrq0vwdwlrqdulw|1 Lq sduwlfxodu/ wkh DGI whvw kdv ehhq
fulwlfl}hg e| S1 Shuurq +4<<3, zkr dujxhv wkdw lw fdqqrw glvwlqjxlvk d vwdwlrqdu| surfhvv
durxqg d eurnhq wuhqg iurp d glhuhqfhg vwdwlrqdu| surfhvv1
Wklv frqvlghudwlrq lv sduwlfxoduo| dfxwh lq wkh fdvh ri lq dwlrq vlqfh d vkdus fkdqjh lq
wkh prqhwdu| srolf| rffxuuhg gxulqj wkh hduo| 4<;3*v1 Lw lv wkhq qhfhvvdu| wr fkhfn wkdw wkh
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lq dwlrq udwh lv qrw ryhu0glhuhqfhg/ ohdglqj hyhqwxdoo| wr dq xqghuhvwlpdwlrq ri qrplqdo
ghpdqg vkrfnv1 Wr wklv hqg/ L xvh wkh ]|yrw0Dqguhzv +4<<5, whvw zklfk hqgrjhqrxvo|
fdofxodwhv wkh euhdnsrlqw lq wkh wuhqg ixqfwlrq1 Wkh qxoo k|srwkhvlv ri wkh whvw lv wkdw
ri qrq0vwdwlrqdu| vhulhv djdlqvw d vwdwlrqdu| surfhvv zlwk d euhdn lq wkh ghwhuplqlvwlf
wuhqg1 Wkh surfhgxuh fdofxodwhv wkh euhdnsrlqw zklfk jlyhv wkh prvw zhljkw wr wkh wuhqg0
vwdwlrqdu| dowhuqdwlyh k|srwkhvlv e| pd{lpl}lqj wkh w0vwdwlvwlfv1 Wdeohv 6 uhsruwv wkh
uhvxowv ri wkh whvwv dw wkh 8( ohyho zlwk wkh hvwlpdwhg euhdnsrlqwv1 Lq hdfk frxqwu| wkh
qxoo k|srwkhvlv ri d xqlw urrw surfhvv fdqqrw eh uhmhfwhg1
Wdeoh 6 = ]|yrw0Dqguhzv whvw iru d euhdn0wuhqg lq lq dwlrq udwhv
Frxqwulhv Odjv
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Iudqfh 4 061;6 +4<;6=6, 0615< +4<;6=6,
Xqlwhg Vwdwhv 4 06185 +4<:9=5, 0715; +4<;4=4,
D vxssohphqwdu| nh| lvvxh lv udlvhg e| wkh wlphv vhulhv surshuwlhv ri wkh Dphulfdq xq0
hpsor|phqw udwh1 Wkh dvvxpswlrq wkdw lw iroorzv d vwdwlrqdu| surfhvv kdv ehhq vxssruwhg
e| ydulrxv duwlfohv vxfk dv Eodqfkdug0Txdk +4<;<, dqg Hydqv +4<;<,1 Exw jhqhudoo| wkh
vdpsoh shulrg jrhv edfn wr 4<83 dqg grhv qrw lqwhjudwh wkh lpsruwdqw xqhpsor|phqw ydul0
dwlrqv ri wkh qlqhwlhv1 Ehvlghv/ wkh hylghqfh ri wkh suhvhqfh ri d xqlw urrw lq wkh Dphulfdq
xqhpsor|phqw udwh lv frqvlvwhqw zlwk Kìqlq dqg Mrehuw uhvxowv +4<<6, dqg pruh uhfhqwo|
zlwk Fdqhu dqg Kdqvhq +4<<;, qglqjv1
Wr vxppdul}h/ L hvwlpdwh iru hdfk frxqwu| d v|vwhp lq +{+?c{Zc{, zklfk frqwdlqv
frqvwdqwv dqg sulfh frqwuro gxpplhv1 Wkh rswlpdo YDU odj0ohqjwk lv ghulyhg xvlqj wkh
DLF dqg ELF fulwhuld ohdglqj wr d fkrlfh ri wkuhh odjv dqg irxu odjv lq wkh Dphulfdq fdvh
dqg wkh Iuhqfk fdvh uhvshfwlyho|1 E| xvlqj wkh Mrkdqvhq*v surfhgxuh +4<;;,/ L qdoo|
fkhfn wkdw wkhuh lv qr frlqwhjudwlqj uhodwlrqv ehwzhhq wkh yduldeohv1
LY15 Lpsxovh0uhvsrqvhv dqdo|vlv
Wkh g|qdplf hhfwv ri djjuhjdwh ghpdqg vkrfnv/ djjuhjdwh vxsso| vkrfnv dqg uhvlgxdo
lqqrydwlrqv duh uhsruwhg wkurxjk Iljxuh ; wr Iljxuh 431 Wkh| ghvfuleh wkh lpsxovh uh0
vsrqvh ixqfwlrqv +LUI, ri surgxfwlylw|/ lq dwlrq dqg xqhpsor|phqw wr dq lqqrydwlrq lq
hdfk vkrfn htxlydohqw wr d 4( srlqw ulvh1 Wkh yhuwlfdo d{h ghqrwhv ghyldwlrqv iurp wkh
lqlwldo ydoxhv zkloh wkh krul}rqwdo d{h ghqrwhv wlph lq txduwhuv1 Vrolg olqhv uhsuhvhqw
srlqw hvwlpdwhv ri yduldeohv uhvsrqvh1 Grwwhg olqhv ghslfw dssur{lpdwh <3 shufhqw frq0
ghqfh lqwhuydov frpsxwlqj 4333 errwvwuds uhsolfdwlrqv +xvlqj Uxqnoh surfhgxuh +4<;:,,1
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D errwvwuds vlpxodwlrq lv suhihuuhg wr d Prqwh Fduor surfhgxuh vlqfh vrph uhvlgxdov duh
qrw qrupdo1
E Wkh g|qdplf hhfwv ri d rqh0xqlw djjuhjdwh vxsso| vkrfn lq hdfk frxqwu| duh
fkdudfwhul}hg lq Iljxuh ;1 Dv h{shfwhg vxsso| glvwxuedqfhv kdyh d srvlwlyh lpsdfw rq
wkh ohyho ri oderu surgxfwlylw| zklfk uhdfkhv d shdn diwhu rqh |hdu1 Wkhuhdiwhu wklv hhfw
ydqlvkhv surjuhvvlyho|/ wkh ohyho ri oderu surgxfwlylw| vwdelol}lqj hyhqwxdoo| dw d 4 shufhqw
kljkhu ohyho1 Wkh whfkqrorjlfdo vkrfn ohdgv wr d ghfuhdvh lq wkh jurzwk udwh ri sulfhv
zklfk lv qrw uhdoo| vljqlfdqw +wkh uhvsrqvhv ri sulfhv lq ohyho duh olnho| wr eh vwurqjhu,1
Wr d txdolwdwlyh srlqw ri ylhz/ wkh uhvsrqvh sdwwhuqv ri xqhpsor|phqw duh vlplodu
dfurvv frxqwulhv dqg duh pluuru lpdjh ri oderu surgxfwlylw| uhvsrqvhv1 Wkh xqhpsor|phqw
udwhv vwhdglo| ghfuhdvh gxulqj urxjko| vl{ txduwhuv dqg hyhqwxdoo| vwdelol}h dw d qhz orzhu
vwhdg| vwdwh ohyho1 Wkh qhjdwlyh lpsdfw ri vxsso| shuwxuedwlrqv rq xqhpsor|phqw lv
vxjjhvwlyh ri wkh h{lvwhqfh ri uhdo uljlglwlhv1 Uhdo zdjhv gr qrw lpphgldwho| dgmxvw wr
fkdqjhv lq wkh surgxfwlylw| jurzwk udwh/ wuljjhulqj dq lqfuhdvh lq oderu ghpdqg dqg
lq hpsor|phqw1 Wkh idfw wkdw xqhpsor|phqw udwhv gr qrw uhfryhu wkhlu lqlwldo vwhdg|
vwdwhv surylghv ixuwkhu hylghqfh ri wkh h{lvwhqfh ri k|vwhuhvlv hhfwv dv vxjjhvwhg e| wkh
lqvlghuv0rxwvlghuv prgho ri Eodqfkdug0Vxpphuv +4<;9,1
Krzhyhu wkh txdqwlwdwlyh lpsdfw ri djjuhjdwh vxsso| vkrfnv rq xqhpsor|phqw pxfk
glhuv dfurvv frxqwulhv1 Iluvw wkh lqwhuydo frqghqfh vkrzv wkdw wkh Iuhqfk xqhpsor|phqw
uhvsrqvh lv qrw uhdoo| vljqlfdqw lq wkh vkruw uxq1 Vhfrqg wkh lqlwldo uhvsrqvh dqg wkh orqj
uxq lpsdfw duh wzlfh dv lpsruwdqw lq wkh Xqlwhg Vwdwhv dv lq Iudqfh1 Wkh ghfuhdvh lq xq0
hpsor|phqw lv ri 31: shufhqw lq wkh XVD dqg ri 316 shufhqw lq Iudqfh1 Wkxv h{sodqdwlrqv
ri xqhpsor|phqw  xfwxdwlrqv edvhg rq vxsso| idfwruv dsshdu pxfk pruh uhohydqw lq wkh
Dphulfdq fdvh1
E Wkh g|qdplf hhfwv ri djjuhjdwh qrplqdo ghpdqg vkrfnv duh fkdudfwhul}hg lq
Iljxuh <1 Wkh prvw vwulnlqj glyhujhqfh dfurvv frxqwulhv frphv iurp wkh xqhpsor|phqw
uhvsrqvh wr qrplqdo lqqrydwlrqv1 Lq erwk frxqwulhv xqhpsor|phqw lqlwldoo| ghfuhdvhv dv
suhglfwhg e| wkh DG0DV wkhruhwlfdo iudphzrun1 Exw wkh lqwhuydo frqghqfh olqhv fohduo|
lqglfdwh wkdw wkh hhfwv ri qrplqdo vkrfnv rq wkh Iuhqfk xqhpsor|phqw udwh duh qrw vlj0
qlfdqw dw doo1 E| frqwudvw/ srvlwlyh ghpdqg lqqrydwlrqv vkduso| ghfuhdvh xqhpsor|phqw
lq wkh Xqlwhg Vwdwhv dqg kdyh fxpxodwlyh hhfwv ryhu wlph1 Wkh Dphulfdq xqhpsor|phqw
udwh soxqjhv grzq dqg uhdfkhv d plqlpxp ri plqxv 4158 shufhqw diwhu rqh |hdu1 Lq wkh
orqj uxq/ wkh Dphulfdq xqhpsor|phqw udwh ghfuhdvhv e| 4 shufhqw1
Wklv vkdus glhuhqfh uhyhdov wkh h{lvwhqfh ri qrplqdo uljlglwlhv lq wkh Xqlwhg Vwdwhv dv
rssrvhg wr wkh Iuhqfk fdvh1 Wkh pdlq sodxvleoh h{sodqdwlrq iru wkh orz lpsdfw ri qrplqdo
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vkrfnv lq Iudqfh lv wkdw zdjhv lpphgldwho| dgmxvw wr wkh qhz lq dwlrq udwh lq wklv frxqwu|
+zlwklq d txduwhu, zkhuhdv zdjh dgmxvwphqwv duh pruh voxjjlvk lq wkh Xqlwhg Vwdwhv1 Wklv
uhvxow lv frqvlvwhqw zlwk ydulrxv hfrqrphwulf vwxglhv vxfk dv Euxqr0Vdfkv +4<;8, ru Fdkxf0
]|oehuehuj +5333, zkr hvwlpdwh wkh odjjhg lq dwlrq ydoxhv lq d vwdqgdug Skloolsv fxuyh1
Wklv uhvxow lv wudglwlrqdoo| h{sodlqhg e| wkh idfw wkdw zdjh frqwudfwv odvw wkuhh |hduv lq
wkh Xqlwhg Vwdwhv zkloh wkh| duh uhqhjrwldwhg hyhu| |hdu lq Iudqfh1
Frqfhuqlqj wkh lq dwlrq udwh/ lw udslgo| ghfuhdvhv diwhu wkh lqlwldo shuwxuedwlrq exw
uhdfkhv d qhz vwhdg| vwdwh zklfk vwdqgv deryh wkh suhylrxv rqh1 Wkxv ghpdqg vkrfnv
kdyh orqj uxq hhfwv rq wkh jurzwk udwh ri sulfhv1 Wklv uhvxow lv frqvlvwhqw zlwk wkh
suhylrxv lghqwlfdwlrq ri lq dwlrq dv d yduldeoh lqwhjudwhg ri ghjuhh 41
E Wkh uhvsrqvh sdwwhuqv ri hdfk yduldeoh wr wkh uhvlgxdo ruwkrjrqdo vkrfn duh uh0
sruwhg lq Iljxuh 431 Wklv vkrfn kdv vkdus hhfwv rq xqhpsor|phqw zklfk vwhdglo| ulvhv
lq hdfk frxqwu|1 Wkxv wkh uhvlgxdo vkrfn lv olnho| wr fdswxuh doo uhvlgxdo lqqrydwlrqv zklfk
kdyh frqwulexwhg wr wkh ulvh lq xqhpsor|phqw gxulqj wkh odvw wkuhh ghfdghv1 \hw li wkh
txdolwdwlyh lpsdfw ri wkh uhvlgxdo vkrfn rq xqhpsor|phqw lv vlplodu dfurvv frxqwulhv/ wkh
pdjqlwxgh ri xqhpsor|phqw uhvsrqvhv lv pxfk pruh lpsruwdqw lq Iudqfh wkdq lq wkh
Xqlwhg Vwdwhv1 Dw wkh shdn uhvsrqvh +diwhu rqh |hdu, wkh xqhpsor|phqw frh!flhqw lv 6
lq Iudqfh zkhuhdv lw phuho| dssurdfkhv 5 lq wkh Xqlwhg Vwdwhv1 Wkhuhdiwhu/ wkh Iuhqfk
xqhpsor|phqw udwh vwdqgv dw d 51; shufhqw kljkhu vwhdg| vwdwh ohyho frpsduhg zlwk 5
shufhqw lq wkh Xqlwhg Vwdwhv1 Wkxv wkh uhvlgxdo vkrfn kdv pxfk vwurqjhu fxpxodwlyh
hhfwv lq Iudqfh wkdq lq wkh Xqlwhg Vwdwhv1 Dqg wkh Iuhqfk xqhpsor|phqw udwh txdq0
wlwdwlyho| uhdfwv pxfk pruh wr wklv uhvlgxdo shuwxuedwlrq wkdq wr djjuhjdwh ghpdqg dqg
djjuhjdwh vxsso| vkrfnv1 Wkxv wudglwlrqdo djjuhjdwh vkrfnv srruo| h{sodlq wkh ulvh lq
Iuhqfk xqhpsor|phqw frpsduhg zlwk wkh dowhuqdwlyh ruwkrjrqdo shuwxuedwlrq1
Ilqdoo|/ rqh pd| uhpdun wkdw lq dwlrq udwhv uhdfw srvlwlyho| wr wkh ulvh lq xqhpsor|0
phqw udwhv1 Wklv hyroxwlrq lv yhu| frqvlvwhqw zlwk wkh surorqjhg h{sdqvlrqdu| prqhwdu|
srolf| lpsohphqwhg e| erwk frxqwulhv gxulqj wkh 4<:3*v lq rughu wr frsh zlwk wkh lqlwldo
ulvh lq xqhpsor|phqw1
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Iljxuh ; = Uhvsrqvh ixqfwlrqv wr dq Djjuhjdwh Vxsso| Vkrfn
Iudqfh Xqlwhg Vwdwhv
Oderu
Surgxfwlyw|
0 3 6 9 12 15 18 21 24 27 30
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
0 3 6 9 12 15 18 21 24 27 30
0.64
0.72
0.80
0.88
0.96
1.04
1.12
1.20
1.28
1.36
Lq dwlrq
udwh
0 3 6 9 12 15 18 21 24 27 30
-0.45
-0.40
-0.35
-0.30
-0.25
-0.20
-0.15
-0.10
-0.05
-0.00
0 3 6 9 12 15 18 21 24 27 30
-0.32
-0.24
-0.16
-0.08
0.00
0.08
0.16
0.24
Xqhpsor|phqw
udwh
0 3 6 9 12 15 18 21 24 27 30
-0.54
-0.45
-0.36
-0.27
-0.18
-0.09
-0.00
0.09
0 3 6 9 12 15 18 21 24 27 30
-1.2
-1.0
-0.8
-0.6
-0.4
-0.2
-0.0
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Iljxuh < = Uhvsrqvh ixqfwlrqv wr dq Djjuhjdwh Ghpdqg Vkrfn
Iudqfh Xqlwhg Vwdwhv
Oderu
Surgxfwlyw|
0 3 6 9 12 15 18 21 24 27 30
-0.21
-0.14
-0.07
0.00
0.07
0.14
0.21
0.28
0 3 6 9 12 15 18 21 24 27 30
-0.25
0.00
0.25
0.50
0.75
1.00
1.25
1.50
Lq dwlrq
udwh
0 3 6 9 12 15 18 21 24 27 30
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
0 3 6 9 12 15 18 21 24 27 30
0.48
0.64
0.80
0.96
1.12
1.28
Xqhpsor|phqw
udwh
0 3 6 9 12 15 18 21 24 27 30
-0.56
-0.48
-0.40
-0.32
-0.24
-0.16
-0.08
0.00
0.08
0 3 6 9 12 15 18 21 24 27 30
-2.00
-1.75
-1.50
-1.25
-1.00
-0.75
-0.50
-0.25
4:
Iljxuh 43 = Uhvsrqvh ixqfwlrqv wr wkh Uhvlgxdo Vkrfn
Iudqfh Xqlwhg Vwdwhv
Oderu
Surgxfwlyw|
0 3 6 9 12 15 18 21 24 27 30
-3.0
-2.4
-1.8
-1.2
-0.6
0.0
0.6
1.2
1.8
0 3 6 9 12 15 18 21 24 27 30
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0
Lq dwlrq
udwh
0 3 6 9 12 15 18 21 24 27 30
-0.5
0.0
0.5
1.0
1.5
2.0
2.5
0 3 6 9 12 15 18 21 24 27 30
-0.25
0.00
0.25
0.50
0.75
1.00
1.25
1.50
Xqhpsor|phqw
udwh
0 3 6 9 12 15 18 21 24 27 30
0.80
1.20
1.60
2.00
2.40
2.80
3.20
3.60
4.00
0 3 6 9 12 15 18 21 24 27 30
1.0
1.5
2.0
2.5
3.0
3.5
4;
LY16 Yduldqfh ghfrpsrvlwlrq
L qrz wxuq wr wkh dqdo|vlv ri wkh frqwulexwlrq ri hdfk vwuxfwxudo vkrfn wr wkh yduldqfh
ri wkh n0txduwhu dkhdg iruhfdvw huuru iru hdfk hqgrjhqrxv yduldeoh1 Wdeohv 709 jlyh wkh
iruhfdvw huuru yduldqfh ghfrpsrvlwlrq +IHYG, iru wkh ohyho ri oderu surgxfwlylw|/ lq dwlrq
udwh dqg xqhpsor|phqw uhvshfwlyho|1
Wdeoh 7 = IHYG Oderu surgxfwlylw|
Shulrgv
dkhdg
Vxsso|
Vkrfn
XVD Iudqfh
Ghpdqg
Vkrfn
XVD Iudqfh
Uhvlgxdo
Vkrfn
XVD Iudqfh
4 ;318 ;61; <1< 817 <19 431;
7 ;815 ;;14 916 514 ;18 <1;
; <31: <51< 616 31: 913 917
4 <;17 <<13 319 314 413 31<
Dv uhjdugv oderu surgxfwlylw|/ vxsso| vkrfnv dffrxqw iru ;3 ( ri lwv yduldqfh lq wkh
vkruw0uxq dqg qhdu 433( lq wkh orqj0uxq1 Ghpdqg vkrfnv dqg uhvlgxdo shuwxuedwlrqv kdyh
d voljkw frqwulexwlrq lq wkh vkruw uxq exw wkh| orvh dq| lpsruwdqfh lq wkh orqj0uxq/ lq
djuhhphqw zlwk wkh lghqwli|lqj uhvwulfwlrqv1
Wdeoh 8 = IHYG Lq dwlrq
Shulrgv
dkhdg
Vxsso|
Vkrfn
XVD Iudqfh
Ghpdqg
Vkrfn
XVD Iudqfh
Uhvlgxdo
Vkrfn
XVD Iudqfh
4 ; ;1< :61< ;414 4;14 43
7 917 4318 ;51: ;319 431< ;1<
; 818 4618 ;;14 ;316 917 915
4 71: 4:17 <615 ;319 514 513
Frqfhuqlqj wkh lq dwlrq udwh/ ghpdqg vkrfnv dffrxqw iru prvw ri lwv yduldwlrqv lq wkh
orqj0uxq lq erwk frxqwulhv1 Exw lq wkh vkruw uxq/ wkh uhodwlyh frqwulexwlrq ri vkrfnv glhuv
4<
dfurvv wkh Xqlwhg Vwdwhv dqg Iudqfh1 Lq wkh iruphu frxqwu| wkh uhvlgxdo vkrfn dffrxqwv
iru doprvw 4; shufhqw ri lq dwlrq yduldwlrqv gxulqj wkh uvw txduwhu zkloh wklv frqwulexwlrq
dprxqwv wr 43 shufhqw lq wkh odwwhu frxqwu|1 Wkxv lq wkh vkruw uxq/ wkh Skloolsv wudgh0r
ehwzhhq lq dwlrq dqg xqhpsor|phqw dsshduv pxfk pruh uhohydqw lq wkh Xqlwhg0Vwdwhv
wkdq lq Iudqfh1
Wdeoh 9 = IHYG Xqhpsor|phqw
Shulrgv
dkhdg
Vxsso|
Vkrfn
XVD Iudqfh
Ghpdqg
Vkrfn
XVD Iudqfh
Uhvlgxdo
Vkrfn
XVD Iudqfh
4 531: 4716 7;14 4715 6415 :418
7 6813 4;15 7419 441: 5617 :31 4
; 7418 5719 6<15 ;17 4<16 9:13
4 7:17 5;18 6814 816 4:18 9915
Wkh prvw frqwudvwhg uhvxowv duh uhodwhg wr wkh xqhpsor|phqw yduldqfh ghfrpsrvlwlrq1
Zkloh wkh pdlq xqhpsor|phqw  xfwxdwlrqv duh gulyhq e| dgyhuvh djjuhjdwh vkrfnv lq wkh
Xqlwhg Vwdwhv/ wkh| duh ryhuzkhoplqjo| grplqdwhg e| wkh uhvlgxdo shuwxuedwlrq dw doo
krul}rqv lq Iudqfh1
Lq wkh Xqlwhg Vwdwhv/ vkruw0uxq xqhpsor|phqw  xfwxdwlrqv duh pdlqo| gxh wr lqqr0
ydwlrqv wr djjuhjdwh ghpdqg1 Zlwklq d txduwhu ghpdqg vkrfnv dffrxqw iru kdoi ri wkh
yduldqfh ri Dphulfdq xqhpsor|phqw1 Wkhlu vkduh surjuhvvlyho| ghfuhdvhv exw wkh| vwloo
dffrxqw iru 68 shufhqw ri xqhpsor|phqw yduldqfh lq wkh orqj uxq1 Vlploduo| wkh uhvlgxdo
lqqrydwlrq frqwulexwhv wr qhduo| 64 shufhqw iru wkh rqh0txduwhu dkhdg yduldqfh ri xqhp0
sor|phqw1 Exw wklv sursruwlrq vkduso| ghfuhdvhv wr 4:18 shufhqw lq wkh orqj0uxq1 E|
frqwudvw/ wkh frqwulexwlrq ri djjuhjdwh vxsso| lqqrydwlrqv wr wkh iruhfdvw huuru yduldqfh
iru Dphulfdq xqhpsor|phqw vwhdglo| lqfuhdvhv ryhu wlph1 Zlwklq d txduwhu/ wkh| rqo| df0
frxqw iru 53 shufhqw ri wkh xqhpsor|phqw yduldqfh1 Exw hljkw txduwhuv dkhdg/ djjuhjdwh
vxsso| lqqrydwlrqv dffrxqw iru wkh pdlq sduw ri xqhpsor|phqw yduldqfh +74 shufhqw,1 Lq
wkh orqj uxq kdoi ri wkh xqhpsor|phqw  xfwxdwlrqv duh gulyhq e| whfkqrorjlfdo vkrfnv
zklfk lv frqvlvwhqw zlwk wkh wudglwlrqdo DG0DV sulru1
Wkh frqwudvw zlwk wkh Iuhqfk xqhpsor|phqw ghfrpsrvlwlrq lv txlwh vwulnlqj1 Wkh
uhvlgxdo ruwkrjrqdo vkrfn grplqdwhv xqhpsor|phqw  xfwxdwlrqv dw doo krul}rqv1 Wklv lv
wuxh iru wkh rqh0txduwhu dkhdg yduldqfh zkhuh vxfk lqqrydwlrqv dffrxqw iru :418 shufhqw
ri xqhpsor|phqw  xfwxdwlrqv1 Wklv lv vwloo wuxh lq wkh phglxp0uxq dqg wkh orqj0uxq vlqfh
53
wkh sursruwlrq ri xqhpsor|phqw yduldqfh gxh wr wkh uhvlgxdo vkrfn vwdqgv dw 99 shufhqw1
Wkh frqwulexwlrq ri vxsso| lqqrydwlrqv wr xqhpsor|phqw  xfwxdwlrqv vwhdglo| lqfuhdvhv
ryhu wlph iurp 4716 shufhqw wr 5;181 Wkh pruh vxusulvlqj vw|ol}hg idfw lv wkh yhu| orz
frqwulexwlrq ri djjuhjdwh ghpdqg lqqrydwlrqv wr Iuhqfk xqhpsor|phqw yduldwlrqv1 Wkhlu
vkduh rq wkh iruhfdvw huuru yduldqfh ghfrpsrvlwlrq iru xqhpsor|phqw qhyhu jrhv eh|rqg
48 shufhqw dqg qhduo| dprxqwv wr 8 shufhqw lq wkh orqj0uxq1
Wkhvh qglqjv ghvhuyh vhyhudo frpphqwv1 Wkh uhvxowv frqfhuqlqj wkh Dphulfdq xq0
hpsor|phqw  xfwxdwlrqv duh frqvlvwhqw zlwk d odujh vhw ri suhylrxv vwxglhv1 Lq sduwlfxodu/
wkh| duh forvh wr Eodqfkdug dqg Txdk +4<;<, qglqjv1 Lq wkh Xqlwhg Vwdwhv/ djjuhjdwh
ghpdqg shuwxuedwlrqv kdyh d pdmru lpsdfw rq vkruw0uxq dqg phglxp0uxq xqhpsor|phqw
 xfwxdwlrqv zkloh vxsso| vkrfnv grplqdwh lq wkh orqj0uxq1 Wkxv wkh suhvhqw yduldqfh gh0
frpsrvlwlrq jlyhv ixuwkhu vxssruw wr wkh dvvxpswlrq wkdw wkh Dphulfdq oderu pdunhw lv
fkdudfwhul}hg e| odujh qrplqdo uljlglwlhv dqg wkh h{lvwhqfh ri d Skloolsv fxuyh1 Ilqdoo|/
wkh idfw wkdw wkh uhvlgxdo ruwkrjrqdo vkrfn frqwulexwhv wr wkh orzhu sduw ri xqhpsor|0
phqw  xfwxdwlrqv lpsolhv wkdw wkh Djjuhjdwh Ghpdqg 0 Djjuhjdwh Vxsso| wkhruhwlfdo
iudphzrun lv zhoo vxlwhg iru wkh Dphulfdq oderu pdunhw1
Krzhyhu/ wklv duwlfoh jlyhv hpslulfdo hylghqfh wkdw wkh wudglwlrqdo DG0DV iudphzrun
grhv qrw vdwlvidfwrulo| pdwfk wkh Iuhqfk oderu pdunhw1 Ixuwkhupruh lw srlqwv rxw wkdw
qrplqdo ghpdqg vkrfnv gr qrw pdwwhu hyhu|zkhuh1 E| frpelqlqj wkh frqwulexwlrq ri
vxsso| dqg ghpdqg lqqrydwlrqv/ L qg wkdw wkh| mrlqwo| dffrxqw iru qr pruh wkdq rqh
wklug ri xqhpsor|phqw yduldqfh lq wkh orqj0uxq1 Wkh uhpdlqlqj wzr wklug shufhqw ri
Iuhqfk xqhpsor|phqw yduldwlrqv lv fdswxuhg e| wkh uhvlgxdo ruwkrjrqdo vkrfn1 Wkxv
Iudqfh dqg wkh Xqlwhg Vwdwhv qhlwkhu glhu lq wkh pdjqlwxgh ri djjuhjdwh vkrfnv qru lq
wkh sursdjdwlrq phfkdqlvp ri vxfk shuwxuedwlrqv1 Exw wkh Iuhqfk xqhpsor|phqw udwh
vhhpv wr eh pruh vhqvlwlyh wr vshflf oderu pdunhw vwuxfwxudo vkrfnv1 Wkh odvw vhfwlrq
vxjjhvwv srwhqwldo lqwhusuhwdwlrq iru wkhvh uhvlgxdo shuwxuedwlrqv1
Y Hfrqrplf lqwhusuhwdwlrq ri wkh uhvlgxdo vkrfn
Wklv vhfwlrq dlpv dw jlylqj hfrqrplf lqwhusuhwdwlrqv iru wkh uhvlgxdo vkrfn1 Wr wklv hqg
L ghfrpsrvh wkh klvwrulfdo hyroxwlrq ri xqhpsor|phqw lqwr lwv wkuhh vwuxfwxudo frpsr0
qhqwv41 Wkh frqwulexwlrq M- ri wkh uhvlgxdo vkrfn wr xqhpsor|phqw klvwru| lv lvrodwhg1
L wkhq fdofxodwh wkh fruuhodwlrq ri wklv uhvlgxdo frpsrqhqw zlwk yduldeohv zklfk duh olnho|
4Irupdo|/ wkh jurzwk udwh ri xqhpsor|phqw fdq eh ghfrpsrvhg lqwr =
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wr fdswxuh wkh pdlq dowhuqdwlyh h{sodqwdwlrqv ri xqhpsor|phqw  xfwxdwlrqv51 Dprqj
wkh qrq0h{kdxvwlyh olvw ri ruwkrjrqdo shuwxuedwlrqv/ rqh pd| srlqw rxw wkh frqwulexwlrq
ri vshflf hpsor|phqw lqqrydwlrqv vxfk dv oderu vxsso| ru uhdoorfdwlrq vkrfnv dqg wkh
uhvsrqvlelolw| ri lqvwlwxwlrqdo fkdqjhv lq wkh zdjh0vhwwlqj surfhvv vxfk dv d ulvh lq wkh
uhsodfhphqw udwh1
Iljxuhv 44d dqg 44e sorw wkh klvwrulfdo frqwulexwlrq ri hdfk vkrfn lq Iudqfh dqg lq wkh
Xqlwhg Vwdwhv1 Wkh zkroh ylvxdo lpsuhvvlrq vxjjhvwv wkdw wkh vxsso| frpsrqhqw odujho|
grplqdwhv wkh ulvh lq Dphulfdq xqhpsor|phqw udwh zkloh wkh uhvlgxdo frpsrqhqw lv wkh
pdlq fxosulw iru kljk xqhpsor|phqw lq Iudqfh gxulqj wkh 4<;3*v1
Lq erwk frxqwulhv/ vxsso| vkrfnv frqwulexwh srvlwlyho| wr xqhpsor|phqw  xfwxdwlrqv
ryhu wkh zkroh shulrg dv wkh wzr hfrqrplhv zhuh vxffhvvlyho| klw e| wkh rlo sulfh fulvlv/
wkh WIS jurzwk vorzgrzq dqg wkh ulvh lq lqwhuhvw udwhv1 Wkh srvlwlyh vxsso| frqwulex0
wlrq wr Dphulfdq xqhpsor|phqw yduldwlrqv lv forvh wr Eodqfkdug0Txdk +4<;<, klvwrulfdo
ghfrpsrvlwlrq1 Lq Iudqfh/ wkh rqo| shulrg zkhuh vxsso| vkrfnv odujho| grplqdwh wkh ulvh
lq xqhpsor|phqw fruuhvsrqgv wr wkh lqfuhdvh lq lqwhuhvw udwhv lq wkh odwh 4<;3*v1 Wklv
hyroxwlrq jlyhv vxssruw wr Ilwrxvvl dqg Skhosv +4<;;, dqdo|vlv rq wkh srvlwlyh lpsdfw ri
lqwhuhvw udwhv rq wkh Iuhqfk xqhpsor|phqw udwh1
Wkh ghpdqg frpsrqhqw qhjdwlyho| frqwulexwhg wr xqhpsor|phqw yduldwlrqv gxulqj
wkh 4<:3*v dv d orrvh prqhwdu| srolf| zdv lpsohphqwhg lq Iudqfh dqg wkh Xqlwhg Vwdwhv1
Dv dgyrfdwhg e| Eodqfkdug dqg Zroihuv +4<<<, wklv pdfurhfrqrplf srolf| lv olnho| wr
kdyh ghod|hg wkh qhjdwlyh vxsso| hhfwv ri wkdw shulrg1 Lq Iudqfh/ qrplqdo shuwxuedwlrqv
vwduwhg wr frqwulexwh srvlwlyho| wr xqhpsor|phqw yduldwlrqv lq wkh diwhupdwk ri Pdxur|*v
jryhuqphqw dqg zlwk wkh lpsohphqwdwlrq ri wkh iudqf iruw srolf| 1
Frqfhuqlqj wkh uhvlgxdo frpsrqhqw ri xqhpsor|phqw  xfwxdwlrqv/ lw odujho| frq0
wulexwhg wr wkh ulvh lq wkh Iuhqfk xqhpsor|phqw udwh zkloh lwv hhfwv duh dssur{lpdwho|
phdq0}hur dorqj wkh shulrg lq wkh Xqlwhg Vwdwhv1 Lq Iudqfh/ wklv kljk frqwulexwlrq wdnhv
sodfh lq wkh 4<;3*v dw d wlph ri exr|dqw oderu pdunhw uhirupv xqghu ohiw0kdqg jryhuqphqwv
+4<;404<;9,1 Wkxv wkh kljk vkduh ri wkh uhvlgxdo frpsrqhqw khosv h{sodlqlqj wkh xszdug
wuhqg lq Iuhqfk xqhpsor|phqw udwh gxulqj wkh hljkwlhv zkloh wkh Dphulfdq xqhpsor|0
phqw udwh vwduwhg wr uhfryhu e| wklv wlph1 Hyhqwxdoo|/ M-L vwduwhg wr ghfuhdvh lq wkh odwh
Wkh klvwrulfdo frqwulexwlrq ri wkh vwuxfwxudo vkrfn l wr wkh hyroxwlrq ri xqhpsor|phqw xw lv wkxv =
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5L gr qrw gluhfwo| fdofxodwh wkh fruuhodwlrq zlwk wkh uhvlgxdo ruwkrjrqdo vkrfn vlqfh lw ehkdyhv dv d
zlwkh0qrlvh dqg lv xqolnho| wr eh fruuhodwhg zlwk nh| oderu pdunhw yduldeohv1
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4<;3*v zlwk wkh surjuhvvlyh ghuhjxodwlrq ri wkh Iuhqfk oderu pdunhw1 Wklv hyroxwlrq vhhpv
wkhq frqvlvwhqw zlwk wkh sdwk ri lqvwlwxwlrqdo oderu pdunhw uhirupv lq Iudqfh1 \hw wkh
uhvlgxdo frpsrqhqw lv olnho| wr fdwfk ydulrxv hhfwv dqg lw lv dq xqhdv| wdvn wr jlyh lw d
ylvxdo lqwhusuhwdwlrq1 L wkhq surylgh vrph h{sodqdwlrqv edvhg rq fruuhodwlrqv ehwzhhq
wkh uhvlgxdo frpsrqhqw dqg nh| oderu pdunhw yduldeohv1 Wklv dqdo|vlv lv surylghg iru wkh
Iuhqfk fdvh rqo| ehfdxvh ri wkh odfn ri lqvwlwxwlrqdo gdwd frqfhuqlqj wkh Dphulfdq oderu
pdunhw61
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L uvw fdofxodwh wkh fruuhodwlrq ehwzhhq wkh uhvlgxdo frpsrqhqw M-L dqg wkh sduwlf0
lsdwlrq udwh ,s zklfk fdswxuhv oderu vxsso| lqqrydwlrqv1 Uhvxowv duh uhsruwhg lq Wdeoh
6Wkh fruuhodwlrqv duh fdofxodwhg iurp 4<:5=4 wr 4<<9=71
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:1 Wkh fruuhodwlrq lv suhww| zhdn vlqfh wkh sduwlflsdwlrq udwh kdv uhpdlqhg frqvwdqw ryhu
wkh zkroh shulrg +vhh Iljxuh 5,1
Dowhuqdwlyh h{sodqdwlrqv edvhg rq plvpdwfk shuwxuedwlrq lv wdnhq lqwr dffrxqw1 Wklv
frqfhuq lv olqnhg wr wkh odujh frqvhqvxv derxw wkh frqwulexwlrq ri xqvnloohg zrunhuv wr
wkh kljk vwuxfwxudo xqhpsor|phqw lq Iudqfh1 L fdofxodwh wkh fruuhodwlrq ehwzhhq wkh
uhvlgxdo frpsrqhqw M-L dqg d plvpdwfk lqglfdwru +vhh Dsshqgl{,
71 Wdeoh : glvsod|v d
vljqlfdqw fruuhodwlrq/ jlylqj dq hfrqrphwulf vxssruw wr h{sodqdwlrqv edvhg rq plvpdwfk
lpshuihfwlrqv1 Lq wkdw shuvshfwlyh/ wkh phwkrgrorjlfdo dssurdfk ri wklv sdshu kdv d ydoxh
dgghg frpsduhg wr suhylrxv VYDU prghov1 Lq rughu wr txdqwli| wkh zhljkw ri uhdoorfdwlrq
vkrfnv frpsduhg wr djjuhjdwh shuwxuedwlrqv/ Eodqfkdug0Gldprqg +4<;<, dqg Mdftxhv0
Odqjrw +4<<6, hvwlpdwhg d v|vwhp lq mre ydfdqflhv dqg xqhpsor|phqw rq Dphulfdq dqg
Iuhqfk gdwd uhvshfwlyho|1 Wkh vkduh ri uhdoorfdwlrq shuwxuedwlrqv suryhv wr eh zhdn lq
wkhlu prgho1 Exw wklv uhvxow lv fhuwdlqo| olqnhg wr wkh idfw wkdw wkh| gr qrw wdnh lqwr
dffrxqw wkh khwhurjhqhlw| ehwzhhq vnloohg dqg xqvnloohg zrunhuv1
Ilqdoo| L wxuq wr wkh fruuhodwlrq ehwzhhq wkh uhvlgxdo frpsrqhqw M-L dqg wkh yduldeoh
zklfk sod|v wkh pdlq uroh lq qhz xqhpsor|phqw wkhrulhv = wkh uhsodfhphqw udwh ri xqhp0
sor|phqw ehqhwv 58 Lq wkh ZV0SV iudphzrun/ d ulvh lq wkh uhsodfhphqw udwh sxvkhv xs
zdjhv dqg wkhuhe| xqhpsor|phqw e| lqfuhdvlqj rxwvlgh rssruwxqlwlhv lq wkh zdjh edu0
jdlqlqj surfhvv1 Wklv wkhruhwlfdo dqdo|vlv kdv ehhq frpiruwhg e| hpslulfdo vwxglhv rq wkh
lpsruwdqfh ri uhdo uljlglwlhv lq Hxurshdq oderu pdunhwv frpsduhg wr wkh Xqlwhg Vwdwhv1
Lq sduwlfxodu/ Qlfnhoo +4<<:, sxw wkh hpskdvlv rq wkh juhdw vwdelolw| ri wkh Dphulfdq lqvwl0
wxwlrqdo vhwwlqj zkloh Iuhqfk oderu pdunhw fkdudfwhulvwlfv kdyh xqghujrqh pdmru fkdqjhv
gxulqj wkh odvw wkuhh ghfdghv1 Wr wkdw uhjdug/ wkh uhsodfhphqw udwh ri xqhpsor|phqw
ehqhwv lv d wh{werrn h{dpsoh1 Dffruglqj wr RHFG +4<<<,/ wkh Dphulfdq uhsodfhphqw
udwh kdv dozd|v ehhq vwdeoh durxqg 45 shufhqw gxulqj wkh zkroh shulrg1 E| frqwudvw wkh
Iuhqfk rqh uhpdlqhg vwdeoh durxqg 58 shufhqw gxulqj wkh 4<:3*v ehiruh vwhdglo| lqfuhdvlqj
e| 63 shufhqw iurp 4<;3 wr 4<<3 dqg e| 48 shufhqw iurp 4<<3 wr 4<<;1
Krzhyhu suhylrxv hfrqrphwulf vwxglhv kdyh gl!fxowlhv lq txdqwli|lqj wkh lpsdfw ri
vxfk d uhdo uljlglw| rq xqhpsor|phqw1 Wzr dssurdfkhv duh wudglwlrqdoo| xvhg1 Hlwkhu
vpdoo txdvl0vwuxfwxudo hfrqrphwulf prghov frpsrvhg ri sulfh0vhwwlqj dqg zdjh0vhwwlqj
htxdwlrqv duh hvwlpdwhg1 Exw Pdqqlqj +4<<6, vwuhvvhg wkh lghqwli|lqj sureohpv dwwdfkhg
wr wklv phwkrg1 Ru frlqwhjudwlrq uhodwlrqv duh hvwlpdwhg lq wkh frqwh{w ri d YHFPprgho
ehwzhhq wkh xqhpsor|phqw udwh dqg wkh uhsodfhphqw udwh1 Wklv phwkrg lv iroorzhg e|
7Wklv lqglfdwru fdofxodwhv wkh kdoi yduldqfh ri xqhpsor|phqw udwhv e| vnloov1 Lw lv edvhg rq Mdfnpdq/
Od|dug dqg Vdyrxul +4<<4, phwkrgrorj| dqg lv frqvwuxfwhg e| O*Kruw| dqg Udxow +4<<;, rq Iuhqfk gdwd1
8D odujh qxpehu ri rwkhu lqvwlwxwlrqdo yduldeohv duh olnho| wr sod| d uroh lq wkh uhvlgxdo frpsrqhqw ri
xqhpsor|phqw klvwru|1 Exw hlwkhu wkh| duh qrw dydleoh ru wkhlu fruuhodwlrqv duh qrw vljqlfdqw1
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O*Kruw| dqg Udxow +4<<<, zkr irxqg qr hylghqfh ri wkh h{lvwhqfh ri vxfk d uhodwlrq lq
Iudqfh1 Krzhyhu wklv uhvxow lv olnho| wr eh olqnhg wr wkh phwkrgrorjlfdo dssurdfk vlqfh
qglqj d orqj0uxq vwdeoh uhodwlrq ehwzhhq wkh xqhpsor|phqw udwh dqg wkh uhsodfhphqw
udwh vhhpv wrr vwurqj d k|srwkhvlv1
E| frqwudvw/ wklv sdshu jlyhv dq ruljlqdo dssurdfk iru txdqwli|lqj wkh lpsdfw ri wkh uh0
sodfhphqw udwh rq xqhpsor|phqw  xfwxdwlrqv1 Lwv fruuhodwlrq zlwk wkh klvwrulfdo uhvlgxdo
frpsrqhqw dsshduv udwkhu vljqlfdqw1 Ixuwkhupruh wkh uhsodfhphqw udwh ehwwhu h{sodlqv
wkh hyroxwlrq ri M-L wkdq rwkhuv lqvwlwxwlrqdo sdudphwhuv riwhq eodphg iru kljk xqhp0
sor|phqw vxfk dv wkh jurzwk udwh ri wkh plqlpxp zdjh { 79 \hw wklv dqdo|vlv ri wkh
uhvlgxdo frpsrqhqw ri xqhpsor|phqw klvwru| ohdyhv urrp iru ixuwkhu lqyhvwljdwlrqv:1
Wdeoh : G Fruuhodwlrqv zlwk wkh uhvlgxdo frpsrqhqw ri
xqhpsor|phqw klvwru| M-L lq Iudqfh
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YL Frqfoxvlrq
Wklv sdshu kdv uhfrqvlghuhg wkh uhodwlyh frqwulexwlrq ri djjuhjdwh ghpdqg vkrfnv dqg
djjuhjdwh vxsso| vkrfnv wr xqhpsor|phqw  xfwxdwlrqv1 Wr wklv hqg d vwuxfwxudo YDU
frqwdlqlqj wkh jurzwk udwhv ri oderu surgxfwlylw|/ lq dwlrq dqg xqhpsor|phqw kdv ehhq
hvwlpdwhg rq Dphulfdq dqg Iuhqfk gdwd ryhu wkh vdpsoh 4<:3=4 0 4<<;=71 E| xvlqj orqj0
uxq lghqwli|lqj uhvwulfwlrqv/ wkh xqhpsor|phqw udwh kdv ehhq doorzhg wr eh shupdqhqwo|
dhfwhg e| d vxssohphqwdu| uhvlgxdo vkrfn zklfk fdswxuhv wkh xqhpsor|phqw  xfwxdwlrqv
ohiw xqh{sodlqhg e| wkh vwdqgdug Djjuhjdwh Ghpdqg0Djjuhjdwh Vxsso| iudphzrun1
Wkh pdlq uhvxowv ri wkh sdshu fdq eh vxppdul}hg dv iroorzv1 L qg wkdw zkloh wkh
uhvlgxdo vkrfn lv qrw vljqlfdqw lq wkh Xqlwhg Vwdwhv/ lw gulyhv wkh pdlq sduw ri wkh
Iuhqfk xqhpsor|phqw  xfwxdwlrqv dw doo krul}rqv1 Wklv uhvxow vxjjhvwv wkdw wkh Djjuh0
jdwh ghpdqg0Djjuhjdwh vxsso| iudphzrun lv zhoo wwhg iru wkh Xqlwhg0Vdwhv exw srruo|
9L xvh wkh jurzwk udwh ri wkh plqlpxp zdjh lq rughu wr dyrlg srwhqwldo vsxulrxv fruuhodwlrqv vlqfh
wklv yduldeoh lv qrw vwdwlrqdu| lq ohyho1
:D lvvxh ri lqwhuhvw lv wkh fruuhodwlrq ehwzhhq wkh uhvlgxdo frqwulexwlrq ri xqhpsor|phqw klvwru| dqg
wkh RHFG mre surwhfwlrq lqgh{1 Xqiruwxqdwo|/ wklv lqgh{ lv surylghg rqo| lq dqqxdo irup1
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h{sodlqv wkh Iuhqfk oderu pdunhw1 Ehvlghv lw uhyhdov wkdw wkh wuhqg lq wkh Iuhqfk xqhp0
sor|phqw lv qrw eurxjkw derxw e| pruh shuvlvwhqw hhfwv ri vxsso| dqg ghpdqg vkrfnv lq
wklv frxqwu|1 Wklv qglqj lv rssrvhg wr wkh Eodqfkdug0Vxpphuv +4<;9, vhplqdo sulru wkdw
Hxurshdq oderu pdunhwv glvsod| pruh k|vwhuhvlv ihdwxuhv wkdq wkh Xqlwhg Vwdwhv1 Pruh
jhqhudoo| lw fkdoohqjhv wkh frqyhqwlrqdo zlvgrp wkdw wkh khwhurjhqhlw| lq xqhpsor|phqw
h{shulhqfhv olhv lq wkh pdjqlwxgh ri wkh djjuhjdwh vkrfnv ru lq glhuhqfh lq wkhlu surs0
djdwlrq phfkdqlvpv1 Vhfrqg wkh sdshu uhyhdov wkh glhuhqfh lq wkh hpsor|phqw vhwwlqj
dqg wkh zdjh vhwwlqj surfhvv dfurvv frxqwulhv e| vwuhvvlqj wkh yhu| orz lpsdfw ri qrplqdo
ghpdqg vkrfnv lq Iudqfh frpsduhg wr wkh Xqlwhg Vwdwhv1 Wklv uhvxow surylghv ixuwkhu
vxssruw wr wkh h{lvwhqfh ri d Skloolsv fxuyh lq wkh Xqlwhg Vwdwhv zkloh wkh zdjh0vhwwlqj
surfhvv vhhpv ehwwhu pdwfkhg e| d zdjh fxuyh lq Iudqfh1 Ilqdoo| wklv duwlfoh vkrzv wkdw
wkh pdlq frqwulexwlrq ri wkh uhvlgxdo vkrfn wr Iuhqfk xqhpsor|phqw klvwru| wdnhv sodfh
dw d wlph ri exr|dqw oderu pdunhw uhirupv gxulqj wkh hljkwlhv1 Wkhvh qglqjv fdoo iru
ixwxuh uhvhdufk irfxvlqj rq gluhfw vkrfnv wr oderu pdunhw fkdudfwhulvwlfv1
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^46‘ Jdpehu/ H1 dqg Mrxw}/ I1/ 4<<6/ Wkh G|qdplf Hhfwv ri Djjuhjdwh Ghpdqg dqg
Vxsso| Glvwxuedqfhv= frpphqw/ Wkh Dphulfdq Hfrqrplf Uhylhz/ Vhswhpehu/ yro1
;6/ qr1 6/ ss146;:046<61
^47‘ Mdfnpdq/ U1/ Od|dug U1 dqg Vdyrxul/ V1/ 4<<4/ Plvpdwfk = d Iudphzrun iurp
Wkrxjkw/ Plvpdwfk dqg Oderxu Prelolw|/ Fdpeulgjh Xqlyhuvlw| Suhvv1
^48‘ Mdftxhv/ M1I dqg Odqjrw/ I1/ 4<<6/ Od g|qdpltxh gh od frxueh gh Ehyhulgjh/ Od
shuvlvwdqfh gx fk÷pdjh/ Hfrqrplfd1
^49‘ Mrkdqvhq/ V1/ 4<;;/ Vwdwlvwlfdo dqdo|vlv ri frlqwhjudwlqj yhfwruv/ Mrxuqdo ri Hfr0
qrplf G|qdplfv dqg Frqwuro/ yro145/ ss156405871
^4:‘ O*Kruw|/\1 dqg Udxow1F/ 4<<;/ Ohv fdxvhv gx fk÷pdjh hq Iudqfh = xqh uìhvwlpdwlrq
gx prgºoh ZV0SV/ Zrunlqj Sdshu1
^4;‘ Od|dug/ U1/ Qlfnhoo/ V1/ Mdfnpdq/ U1/ 4<<4/ Xqhpsor|phqw= Pdfurhfrqrplf shuiru0
pdqfh dqg wkh oderu pdunhw/ R{irug Xqlyhuvlw| Suhvv1
^4<‘ Pdqqlqj/ D1/ 4<<6/ Zdjh Edujdlqlqj dqg wkh Skloolsv fxuyh = Wkh lghqwlfdwlrq
dqg vshflfdwlrq ri wkh zdjh htxdwlrq/ Hfrqrplf Mrxuqdo/ yro1436/ ss1<;044;1
^53‘ Pduwlq/ M1S/ Lqglfdwhxuv gh wdx{ gh uhpsodfhphqw dx{ qv gh frpsdudlvrqv lqwhu0
qdwlrqdohv/ Uhyxh Hfrqrpltxh gh o*RFGH/ 4<<9/ yro1 5904/ ss1 44804651
^54‘ Qlfnhoo/ V1M1/ 4<<:/  Xqhpsor|phqw dqg oderu pdunhw uljlglwlhv= Hxursh yhuvxv Qruwk
Dphulfd/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ yro1 6/ ss1 880:71
^55‘ RHFG/ 4<<</ RHFG Hpsor|phqw Rxworrn1
5:
^56‘ Shuurq/ S1 4<;</ Wkh juhdw fudvk/ wkh rlo vkrfn dqg wkh xqlw urrw k|srwkhvlv/
Hfrqrphwulfd/ yro18:/ ss14694047351
^57‘ Slvvdulghv/ F1/ 4<<3/ Htxloleulxp Xqhpsor|phqw Wkhru|/ Edvlo Eodfnzhoo1
^58‘ Vkdslur/ P1 dqg Zdwvrq/ P1/ 4<;;/ Vrxufhv ri Exvlqhvv F|foh Ioxfwxdwlrqv/ QEHU
Pdfurhfrqrplfv Dqqxdo/ ss144404891
^59‘ Vlpv/ F1/ 4<;3/ Pdfurhfrqrplfv dqg Uhdolw|/ Hfrqrphwulfd/ yro17;/ ss1407<1
^5:‘ ]|yrw/H1 dqg Dqguhzv/G1/ 4<<5/ Ixuwkhu hylghqfh rq wkh Juhdw Fudvk/ wkh rlo0sulfh
vkrfn/ dqg wkh Xqlw0urrw k|srwkhvlv/ Mrxuqdo ri Exvlqhvv ) Hfrqrplf Vwdwlvwlfv/
yro143/ ss158405:31
YLL Dsshqgl{
41 Wkh uhsodfhphqw udwh +lq Shufhqwdjh,1
Wkh vhulhv lv surylghg e| wkh Iuhqfk Vrfldo Vhfxulw| XQHGLF dqg jlyhv wkh udwlr
ehwzhhq wrwdo hpsor|hhv frpshqvdwlrq dqg wkh wrwdo ohyho ri xqhpsor|phqw ehqhwv1
0
0 ,1
0 ,2
0 ,3
0 ,4
0 ,5
0 ,6
19 70 :1 19 74 :1 19 78 :1 19 82 :1 19 86 :1 19 90 :1 19 94 :1
%
Iljxuh 44 = Uhsodfhphqw udwh
5;
51 Jurzwk udwh ri plqlpxp zdjh +lq Shufhqwdjh,1
Wklv yduldeoh fdq eh frqvlghuhg dv d sur{| ri wkh xqlrq edujdlqlqj srzhu1 Lw fru0
uhvsrqgv wr wkh jurzwk udwh ri wkh plqlpxp zdjh gh dwhg e| wkh frqvxphu sulfh
lqgh{1
0
0 ,0 2
0 ,0 4
0 ,0 6
0 ,0 8
0 ,1
0 ,1 2
1 9 7 0 :2 1 9 7 4 :2 1 9 7 8 :2 1 9 8 2 :2 1 9 8 6 :2 1 9 9 0 :2 1 9 9 4 :2
Iljxuh 45 = Jurzwk udwh ri wkh plqlpxp zdjh
61 Plvpdwfk lqglfdwru +lq Shufhqwdjh,1
Wklv yduldeoh lv dq lqglfdwru ri wkh kdoi yduldqfh ri xqhpsor|phqw udwhv e| vnloov1
Lw lv edvhg rq Mdfnpdq/ Od|dug dqg Vdyrxul +4<<4, phwkrgrorj|1 Lw lv frqvwuxfwhg
e| O*Kruw| dqg Udxow +4<<7, rq Iuhqfk gdwd1
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Iljxuh 46 = Plvpdwfk Lqglfdwru
5<
